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Abstract

The MGS missionis one of the first rnajor plunetany e sone.
conducted under the new NASA Faster, Beticr, Cheane
guidelines. Ironically, mission requirements mazks: the: MGt seilen
array one of the most challenging designs built forNASANitonly
will the array include silicon and GaAs/Ge pancle., t s thisolar
array willbe used to aerobrake the spacecraft in the: upperiegons
of the Martian atmosphere. Consequently, even thougli aifiis.:an
to Mars is normally typified by cold temperatus es acr ol s akang
imposes a high temperature requirement of nearly 1 8y C highe:
than that experienced by any previous array. The srray siqe i LighUly
constrained by mass and area. Since the aerobreaking occun s carly
in the mission, it is necessary to subsequently survive uprta 2’00 XX)
lower temperature therimal cycles. Furthermore, the tocatan of 8
magnetometer directly on the array structurer equires the
minimization of circuit induced magnetic mornents “1ill:. p ser
provides an overview of the array design anti perfutnecein
addition, the high temperature capable design anti developriziiwil
be discussed in detail.

Introduction

The MGS mission is one of the first major planetery rriseiane
conducted under the new NASA Faster, Better, (he e
guidelines. Ironically, mission requirements make thiMG= colar
array one of the most challenging designs built. fur NASA il
particular, the solar array will be used to aerobreke thespion e, raf
in the upper regions of the Martian 8UMosphere: Ths wilihie dorn
to lawer and circularize the initially high elliptical ins.eiunnurbi,
a method to reduce spacecraft fuel mass. Atthoughthie biasi
technique was proven on the Magellan Venus mappingiis:iat
conditions for MGS spacecraft vary significantly. The Mageliarnsols
array was designed for a high temperature opersting €waorine
and aerobraking was performed only after all originaliusios
objectives were completed. In contrast. MGS willnorinal, bein t
low temperature environment. and aerobraking wiltbiefic fon el
at the beginning of the primary mission. A faiturc:duringthe o4 e >
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will be catastrophic for the mission. After completion of
acr obr aking the MGS solar arrays will be required to operate for
approu nately five yews and survive over 20,003 additional, less
sevel e thernl cycles. 1he MiGS array consists of two wings, each
witl1 two panels. The outer panels are covered with silicon cells and
the inner with GaAs/Ge. Lactipanel is approximately 1.85 m wide
by 1.7 milony

Dung the approxiistely 400 serobraking orbits, atmospheric
drag 01 1 the arrays will ceuse significant heating. In order to avoid
damage to the solar cellcircuits, the array panels will be oriented
se thatthe rear side will face inthe direction of travel during
aerabisking The solur panels will not be generating power during
this tin e Calculotions indicate that the rear surface temperatures
mayreach astighasmid 1 80s® C. For this reason, all wiring and
connectors will e kept on the panel front surfaces. The front
surlace terperatures, are expected to be appraximately 300 C
cooler tharithe rear. Early design considerations indicated that
during safe mode, Which would ocour if there were a spacecraft
anoroly, the arrays could face forward during an aerobraking orbit
Conscyuently, .t was necessary to design the entire array for a
worst case temperstuce of approximately 1 80° C.

In addaion to the stangent high temperature requirements. the
array mass and area were tightly constrained so that the array
design required the use of fightweight components where possible
1 hisiriduded the panel honeycomb substrate which consisted of a
low dinsity alurninum honeycornb core with thin composite face
sheels. The array ares was tied into not only the mass constraint,
but slso serobr aking drag conditions which balanced heating
spainst dragforce With the need for a fairly high overall array
powver capability (lable 1] end an additional constraint of cost, the
Il design resuledinthe usc of both silicon and GaAs/Ge solar
cell covered pancls 1 he former cell type helped keep the costs and
nass low, snd the fatter provided a greater power output Since the
two cef types exhibit different performance during the mission, due
o different ten porature coefficients and radiation behavior, circuit
design had to handle the complex power change throughout the
mission. The critical nuission design paint occurs approximately 2




years into the mission rather than at end of life:

Another major arvay design driver was imiposed by the: [o-staar
Of primary science equipment. a magnetometer, onthie en o' the
outer panels, adjacent to the electrical circuits. Combined vaith the
limited panel surface areaavailable {or wiring, neceast seavery
creative: circutt. layout and wiring scheme to minimize: sy rongoet
moments Reduction of the array magnetic fieldis espuecislly crice!
in view of the weak Martian magnetic field {if any} Aunmgueasiieg
of the layout was the real time circuit. design condugted nintd, by the
magnetometer principal it vestig ator and Spectrolob pessorme! | 1)
A final driver was imposed by the array delivery date:, whic t imiins.ed
a totalcycle from program start to delivery of 1A nwrdhe,
considerably shorter than the Magellan arrays, forexomg de:1-1 vievs
of the array complexity end limited time, a tearn consistng w
representatives from Lockheed Martin, Spectralab, e I v, ot
assembled to work closely together in order to et the rs:eon
requirements. As will be shown in the followinig sectine t) i
industry Governi nent team approach load to the sucexx.:. ful cieliviry
of the MGS arrays, on schedule and cost, eflectivelynceting
technical and programmatic challenges.

Outboard Inboard frray
Begin of Mission 468 watts 583 watts 210 kw
Mid Design Point 151 watts 187 watl« (B
End of Mission 128 watts 177 watls [164EW

Table 1. MGS Power f {requirements at 32 volts L oa-i
Design for Aerobraking

Durig aerobraking. the hottest areas will be onthepange rans
side. For this reason, all components were attachied Lo the feont
side. Considerable design effort was exerted toensueal
components could be positioned white maintaining a high salareel
packing factor to meet power requirements and azcoimodte oll
wriong. Cach material and process proposed fortheena, wis
investigated for its ability to survive multiple expocuresto e XVQ
Materials forwhich specificd service temperatures. were s than
200°C were subjected to engingering tests to shaw that Uiy coik
survive the specified ervironment. The select ed nathod of
interconnection was welding However, the follawing Joint i ler i sess
would be soldered

Lead wires to circuit termination tihs
Lead wires to terminals

Terminals to terminal boards

Diodes Lo terminals

Diodes tocelitabs

Splices (diode wire, wire-wire]
Replacement tabs to solar cells

interconnects to replacement solar cells

A development pr ogramwas initiated to select and qualify a
salder end solderiag process Which would ensure that all the above
joint it terlaces would survive the specified environment The
developent progrant is described in the next section. The solder
cendicate of choice selected for the array was Sn 95/Ag 5(MP.
226" Table @ lists the selected materials and their specified
maximum aperating tenipereture. Materials marked with an
asterisk (* ) were those for wiiich there was a high temperate
survivability concerr.

Component Material Max. Temp.
Solar Cell 1L GalAs/Ge a50°'c
Inter connects Sitver-Plated Moly g60°'C

Coverglass Ceria Doped Microsheet >1,000°C

Coverglass Adhes DC 93 500 315°C

Solar Gell Adhesive GV 2568 450°C
Teimina'Board*  Type GIN 130"C

Copper Clad Fiberglass

Terminal Board

Adhesive* 0DGE 1104 200°C
Wit e Insulation MIL-W-2P758 300°C
Wi e Copper 1085°C
Connectors MIL-Cr?430El, type B 200°C
Grounding Adhes * 5GC, Cet 9 135°C
Solder* Sna5/Ag 5 226°C
Diodes? MIL-S 19500 17li"c

Insulation 1 epe* feea 155*C

1uble2 ARBAY MAL t RIAIS SURVIVARIUTY TEMPERATURE

(e tothe limited tre and funding available, it was clear that
only ali r ited devedopinentet fort. could be carried out Clearly, there
was insuflicierg time to fight qualify ony process so that heritage or
slight n odification of existing processes was all that could be
reasonabily expected Following a review of numerous solder
candhidats s, fuur high tes riperature scolders wore selected based on
mehing points and suitebility for solar cell assembly Three were
un/silver solder with sitver percentages of 3.5,4, and 5 by weight
The fo nili candidate was artin/lead material with 2% silver. These
nabeialshad minimum melt temperatures of 221° C. Samples of
eacharray scolder joint were made using each of the solders,
Stendard temperatn ¢ conteolled tips were used and tip
temperatures were varied A standard array assembly solder flux
was also  ulilze The eas e of flow end solder fillet condition were
obs.erved It was noted that the most difficult joint to produce was
the termiinal to terminalboard assembly. It was difficult to flow the
solder since the board provided an efficient heat sink The flow was
improved by eitler switching tolarger solder tips or preheating the
terminal board Ml solder candidoates produced adequate joints



which met the criteria of NHB5300.4. This wasunpaitanen
meant that the existing inspection criteria could be ¢ etand | he
bestvisual joints were achieved with 95 Sri/5 Agardthzusteniel
was generally easiest to flow.

Based on these results, a development couponwis assirnbled
in which all possible solder joints wore incladed mief gy
representative configuration. Other materials wer ¢inching whiere
manufacturers data indicated that the materials shoub 1ot (.
200" C (Table 2). The coupon consisted of two sty ol s
cells tnseries. These included welded and repasipioc.oss solie
bonds. A terminal board assembly, with blockingdodewias
fabricated and redundart. bypass diodes were st achicesitoont,
string Threc cells were bonded over Kepton P24 tape: patowe . to
assess the impact of exceeding the tape maximu: ieveorm i ed
service temperature. Additional P224 patches wuer e 1 ila ed
external to the cell circuits for visual exemination of any PO-5 Dle
delamination. 95/5 solder was used for allbond- Finalty 20 tawvgy
ground wires were bonded into holes drilled in the coupanusng
56C with catalyst 9. The coupon material was represeat: tivenf Lhe
MGS substrate.

The coupon was then subjected to thermal shackand thal
cydlingtests in 8 GN, atmosphere. The thermal shock: .onmit oy i of
8cycles,-10°Cto 200" C The temperature rate of chanige v in
excess of 30 C per minute with no dwell at theexuenn:s  The
thermal cycletest consisted of 300 cycles, -145”" G A Dale
nominal rate of 25° G/ minute with a one minute dwilitesth
temperature imit. A comprehensive electrical and vicu il ipecton
was perforrned before and after testing. Electrical degradanivias
within the normal experimental error indicating thatthe st ity
processes survived the high temperatures.

There were no 224 delaminations [either under repla: e cells
or directly placed on the Kapton insulation] The terminatboatd o
no defects and did not. delaminate, the grounding a<fheshee stiwed
no sign of degradation and the diodes remaincdin Lait T e
materials were therefor e considered worlhy of gt he
qualification panel and flight designs. The only n iatei 1l chingp
made in the course rrf the program was to substitate TypeGGHG
copper clad fiberglass (rated to 180°C] for the type GHN 0ot G
Table 2. Some visual anomalies were note:d Subceueat
examination revealed that one solder joint. had beerimpiapericv. it
intially rind two others had evidence of handling darmsg (igratn
concern wasthe appearance of cracks in some of the solderfillels.,
although no separation was noted A potential caut.e of i ot s
was possible contamination from lead during iron tiptrmm el
contamination canlead to lower melung temperatur ¢ and redged
joint mechanical strength. It was felt that the use of adediciteit li:l'
temperature solder assembly area with new toolingwiuki prcvent

contarminabion during fight assembly.

At this ime, addiional review of the solder properties indicated
that atthough the solder was kept below the melting point., its
nechee usal steength, even for noncontaminated bonds, was low at
ternper atur es above approximately 130° C. Due ta this, a decision
was misde toreduce gny mechanical stresses at the assembly
joits i parvcular, etbachmients (patent pending] were provided on
the end tabs to mechanically hold the soldered wires. The
attachinents were developedunder Spectrolab IR&D in support of
the MGS mission Sin dilarly, all diode attachments included hooking
the lea wires together prior to soldering and sleeving with shrink
tubing A sketch of this is shownin figure 1. In this manner.
mecheucelloads stthebond would be removed from the solder
during the high temperatur e acrobraking For mission thermal
cycles sfter aerobraking, the rmaxirmum solder temperatures would
rermain below B C and high solder strength would be available.
The mechanical support would provide fen- an additional safety
fastor during the worst conditions

Low Temperseture, Low Intensity Operation

‘1 he MGS solar array is required to provide power in Martian
orbr ot illlint.cnskyof(13'7 suns and operating temperature of -5*C
tsilicon)and + 7 "C(GuAs/Ge). Scalar cell photo current is directly
proporuonal o solar internsity and can easily be calculated. In order
wpreditthe array PEHonnance in Martian orbit, it was important
Lo defne the valtage loss due Lo the solar intensity at Mars and the
low inteasity termperatun e coefficients for Current and voltage for
both types of solar cell As soon es MGS CICs were available, 13
of each cell type were subjected Lo electrical performance testing
at (1.37 suns and temperatures between -80°C and + 75-C. Table
3 shows the low inter isity terperature coefficients for each cell
type wf e Table Ashiows the voltage intensity coefficient es a
funiction of ternperature 10 predct array performance, the 28°C
inad vohage intensity coeflicients (954 for Si, - 960 for GaAs/Ge)
were usedinconjunction with the low intensity current voltage
tetniper sture coofficients It is interesting to note that the low
intensity voltage tempet stare coe fficient for silicon is larger than
the 1 sunvalue, whiti the Gads /Ge voltage temperature coefficient
spprars unaffected by reduced intensity.

Si GaAs/Ge
V,. v /° () 225 -1.97
Vo, mV/* C) -239 -7.02
Lu/on’/ G+ 13.$1 +8.1

hmp Lea/em®/° C)+ 6 6 +5.9

1 able 3 LOWINTt NSITY TF MPERATURE COCFRICIENTS
(8 Co+28°C)




Si GaAs/Ge

-BO'C 093 963
5°C .975 .966
+7°C .967 966

+128°C 954 860

+75°C 845 .956

Table 4 L(MD VOLTAGE INTENSITY (X HHIUHE N 185 we
TEMPTRATURE

Panel Design

The panel design was severely constrained by the serotushng
requirernent that all components be on the front side, the miagoetic
requirement of maximum 0.6 nT [dynamic field}and the powes
requirements at BOM (beginning of mission), MO (rid de: g
point] and EOM (end of mission). The oulboo d pael
accommodates & magnetometer at the outboard edge: vd &5 such
has the largest potential impact on the array staticmag et filo
Outboard panel power is provided by five circuits 01 BSEH &l 01
solar cells, subdivided into five strings each of 7 cedls senes
(Figure 2). The cell size is 2.57 cm x 5.8Bcms Ingenctes  ecch
string is arranged withits negative termination at thelowe-dge: of
the paneland its positive ternination at the upper edge ol thipane!
Each string has a tab attached to the rear of the 37th cellinsenes
to act as a shunt tap. The positive end shunt teplead wires are
routed tothe lower panel edge down a cell gayracs: entto the
string. This minimizes the net magnetic moment farthie sbing
Strings are laid out track Lo beck along the panel so the gt
moments cancel.

In each magnetically cancel ed string pair, the conteibuton t o
magnetic field at the magnetometer of the outhoord mambe of the:
pair is slightly grester than the inboard member of thapairl o
compensate for this, the shunt and positive lead wire!, {0 e g e
of the fourth circuit (being the inboard member ofits. pisiryare
routed adjacent Lo the next inboerd pair [strings 3and Ao Gicon
4] to provide an extralarge current loop. The curtertlooh p aviies
e magnetic field contribution at the magnetometerwhichbatinn e,
Out the surplus field Contribution from theoutbonrar ot of
each string pair. The exception Lo the general rule: of siswng o
on the outboard panel is circuit 5 - the one nesre st the
magnetometer. 1 he panel narrows toward the outhua: d ed geand
cannot accommodate a full string length. Alsa, thervisronnfo-
only three substrings in this area of the panel.Suing 1 of t hefilth
circuit is thus laid out in two substrings; one of 37/ celit. ser s the
other of 30 cells series. The shunt wire is coanex Leghio Une
negative termination of the shorter string Stiing & af tw: fifh
circuit, is laid out in a similar configuration, except that t Licehorter
string is located at the inboard edge of the panel arounwi U jranel

hinges The ougoing and return wires from the inboard edge are
tvasted together ta produce no net field. Because of their proximity
to the magnetometer, each of the three substrings are
miagnesically solf cance &ei by routing positive wiring down each side
of each string Compensation wire loops are provided for each
substr g Lo make one of the current paths more resistive and
henc e ranspord slighly less current then its counterpart. In this
way, Ui net magnetic field at the: magnetometer can be minimized,

1 he fives strings constituling a circuit are paralleled together at
ateirnunalboar cl located along the lower panel edge. This board
also supporis the by pass diodes for each circuit. Each haff of the
circuit (Lo the shant tap point) is protected by three parallel bypass
diodes Three diodes are used ta provide adequate de-rating and
redundancy intheevent of shallowing or cell breakage, The positive
and return wiring for each of the five circuit terminal boards is
rowted along the lower paned edge to another terminal board on the
outer panelinner edge 1 his board supports redundant blocking
diodes for eachcitcuitand a common negative bus, It is
redundantly wired to the power output connector also located along
theinner panel edge The shunt wires are rootad directly from
circuit Lerrminal boards to connector. The outboard panel also has
two ternpersture: sensors and two groups of four cells series wired
to atelemetry connector onthe inboard panel edge.

1 heinboard psnel sccormmodates a sun sensor on the upper
outhoad edge. Panel power is provided by six circuits of GaAs/Ge
solar cells, subdmided nlo eight strings of 38 celis series (Figure 3]
The cellsizeis ? 24coix 608 cms In general, each string
occupies hall the panel width with the negative termination along a
P‘f'“e'e:dge and the: positive termination along the panel center line.
Faclr string is brokensfter the 17th series cell Lo allow for shunt
taps. 1 he shunt taps for adjacent strings in the same circuit are
paralleled Fach ciecutt hos foor of its strings in the upper haff of the
panel andthe other fourin the lower half. In this way the panel has
alinostperfect synmetry and therefore almost. perfect magnetic
cancellation. The syrnmetry is not perfect because the outboard
edge of the panctcanonly accommodate three strings due tothe
spaces oceupied Hy suir sensor and panel hinges. As a result, the
opposing strings of each circuit ore staggered by one row, The
inboard edge of the pancl narvows and panel symmetry is lost in this
aressincei, cenonly sccommodate three strings laid adjacent to
eachiother. T wa trf these strings are connected to the lower panel
half, wf iite theother is connecled Lo the upper panelhalf.

The negatve string tenninations are paralleled along the upper
and lower pane | dgesin groups of four and the redundant lead
wiririg for each groupis routed Lo a terminal board located at the
kwer edge of the nacrow inboard section of the panel. The positive
string terminations or e paralleled along the panel center-fine in



groups of eight and the redundant lead wiring for eactigopr,
routed along the central avenue of the panel dowritothetert, vl
board The shunt taps for the upper and lower halves. of codh i

are spliced together in the central avenue and the sixshuntyre:

are then routed directly to the connector. The termini:t b ar d
supports redundant blocking diodes for each circuit ang s r oneron

negative bus. It is redundantly wired to the panel power conructon

on the lower paneledge. The GaAs/Ge cells aremiae sensitac o

degradation due to reverse bias than the silicor cets
Consequently, bypass diodes are required approximately evieyfu.n

cells to provide adequate protection against shadoawng 1hty
pass diodes are attached via splices and wire lza i 1o tabs
emerging fromthe rear side: of every fourth or fifth cellin c.enie ond
to the string termination tabs and shunt taps.

Qualification Program

In order to gain confidence that the flight arvay detagoveotd
survive the! aerobraking environment, aqualification pane!vea bk
of flight representative components. The pane! consr tedol a
silicon circuit of five strings laid out identically to G cur S of the
outboard flight panel, a circuit terminal boardwilh six bypec.s
diodes mounted in fight configuration used to paratiel the e slicon
cell strings into a circuit; a GaAs/Ge circuit of eightstringslad ot
in perfect symmetry scross the panel center line by pats dooes
every fourth or fifth cell to provide shadow protecton f ureii.h
GaAs/Ge string, a terminal board with two pairs of redudint
blocking diodes two flight like thermistors; a power conrie e &
telemetry connector and appropriate wiring to conneited the
components The qualification panel had an additione! 1 (17 glass
platelets bonded ta it to simulate the mass of themissingtrlase
of flight. panel components High temperature solderwa< u .cd
throughout for all joints that were neither welded nor Grinmped Ywo
cells were intentionally broken in each circuit and replaced ucin
high temperature solder. The panel was subjectid toi: Sirite
acoustic test to an overall sound level of 1T43.6 dft Sty gaently
the panel was placed in @ vacuum chamber and ther ma! shincked
between -1 O-C and +190°C for 200 cycles ancithermal oy lxd
between-145°C and + 100°C for 10 cycles. [nring one o' these:
cycles, the hot. extreme was increased to165°C Firalty i p i)
was held in vacuum at ‘I DO'C until the total elapsid tiae fur
thermalcycle and bake out was 168 hours. Despite the i, 101 ouss
nature of this test program, only the normal atueilion du bintan,
mortality was observed 1 here was no delamingtion i o ont
failures.

Flight Panel Performance and Test

The success of the qualification panelin surviviigth
aerobraking enviconment permitted the initiats we ol fighe paswe:

assordly The Gabs/Ge solor cells were fabricated using state-of-
the ort MOVFt technology  After front side weld interconnect
attachmient, the celle were filtered with 5 mil ceria doped
micsosheet coverglass and tested at constant current. The
electrice! distribution of the CIC population resutted in an average
efficiency over the build of 19.2% The silicon cell build was also
successiul, praducing anaverage efficiency over the CIC population
ol 14.8% The (ICs of each cell type were series welded into strings

and bonded to the gruphite panel substrates by vacuum bag
technique Alter assembily, the fight panels were arranged in a flight
wing configuration, with a magnetorneter attached to the outboard

edge of the outboard panel 1 he two panels were energized using
a powiyr supply to & cuncent level equivalent to the flight condition at
Mars The magnetic field of each panel and the two panels
combined was measured by the magnetometer. The results are
reporied in another paper at this conference. The measured
magnet fields were acceptably close to the specified maximum
field requiremint and e such represent the lowest magnetic fields
ever produced by s solarcellar ay

1 heasceplance tesung of the fight panels included a 1 minute
acousutest Lo an overall sound level of 139,6 dB, six thermal
vacuun cycles between - 1 25°C and +80°C with the hot extreme
during one of these cycles increased to + 165*C. Finally the panels
we e held st 80°C until Latal elapsed time for thermal cycle and
beke: out was Ei8 hours The as-shipped electrical performance of
all four panels exceededspecification by an average 3.3% The
details ar e shown in Table 4.

Reguirement_ Actual Deha

Gahe/Ge 001 18p9 1883  +3.380/0
§ 872 18.22 18.8? +3.28%
Si 001 1463 15.04 +2.84%
[K.)" 1463 1516  +366%

T at de -1 | UF CHRICAL PERFORMANCE (CURRE NT © 32V)

Allowing for losses inwiring and blocking diodes, the on panel
efficiencies ab the maxinmum power point were 18.8% (GaAs/Ge)
and 14 6% (Si) Finally, the inboard panels were shipped al more
than 12% under and the outhoard panels 4% under the specified
msximuim add on mass 1 he details are shown in Table 5.

Hequirement  Actual Deha
Gahs/Ge 0O 1345 bs 11.74 Ibs -12.7%
@2 134%51bs 11.84 fbs -12.0%
Si 001 8.60s B2Ibs -39%
002 860 Ibs 8.22 lbs 4.4%

“lal e 55MGS Al ON MASS




CONCLUSIONS

The MGS solar arrays are completed flight acceptan: ¢ 1esis
and were delivered to Lockheed Mar-tin for spacecraftintegoitin
during the past Summer. The launch is scheduled for Nevernibies,
1996. MGS is thefirst in @ planned series of spacecrafi that 1o6)
the Mission to Mars program. | t is one of the firstmissions tobe
conducted under the NASA Faster, Better, Cheapes guidclie:
The MGS solar array technical requirements ant) schedote v o
extremely demanding, Probably more than eny pirevious N ASA
mission. These included vary high temperature s vivs® tile},
extensive thermal cycling, high specific power (powr /msss)very
low total magnetic moment, use of silicon and GaAs/Ge celcin uits,
on tho sarne array (different panels], and a perforinance e tieduls
between a half to a third that of previous NASA P'Veyitemidy
working together 8s 8 team, Lockheed-Martin, Spectratals, end Ji -
were able to develop real time solutions to  any problens Ase
result, the MGS solar array met or exceeded all requirerncits ond
successfully completed qualification and acceptance tosting e id
met the necessary delivery date. The fourteen monthp-og-a
duration is a faster array build cycle then has beet typicul fo
single nonrecurring arrays. The performance of the & vy
be tered the primary requirements for mass, powe, and
magnetic momont And the overall cost was kept t the oryiniil
projected value by minimizing design changes during the prog an

A word of caution needs to be expressed however NASA plan:.
call for a significant increase in the number of Penectary s
Interplanetary missions. The majority of these will be solar powa-re:
These missions will extend the range of pholovohsics. 1,
environments end operating conditions hitherto not e xpericrie:|
Those will include higher and lower operating temperatu es, s
particulate radiation under low operating temperstaires, Lo ists
fer. Most array designs have evolved from Earthorbititg systeme:
and es seen with the MGS array, significant new requiremente cen
be expected from the future missions. The repid spaces aft t it
cycles and limited funding available may not alwvays recutiin e
successful minkdevelopment program as discussed here, L wilnitt
always be possible for the array manufacturer toapply | R&L) e
ongoing production program NASA missions, even under optin e sta
scenarios, are likely to remain at less than 5% Of wn & 1y
manufecturers snnual *o n . Consequently, it ic. not ¢ lear thet
sufficient resources end solutions can always be evailable to th e
spedcialized needs of 8 gmall program. Ths is an ares whete it waod'd
be worthwhile for NASA to consider developing spe:
technologies for future missions.

The work described in this paper was partialty performe:iby
JPL. California Institute of Technology, under e cotiact with th:
National Asronautics and Space Administration
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